The aim of the present study was to evaluate whether dogs that exhibit stereotypy also show 26 higher behavioral persistence in an extinction-learning task. Thirteen pet dogs with stereotypy 27 and 13 breed-matched control dogs were assessed on a resistance to extinction test. Each dog 28 was trained for 40 trials using a food reinforcer to nose-touch the experimenter's hand on a 29 continuous reinforcement schedule. After acquisition, the dogs entered an extinction phase, 30 during which food was no longer delivered. The numbers of nose-touches as well as inter-31 response times during this phase were recorded. A linear regression found that stereotypy status 32 (t = -2.46, P = .027) and breed type (t = 2.44, P = .023) were significant predictors of the number 33 of responses in extinction. Dogs with stereotypy responded more in extinction than control dogs. 34
Introduction 46
Repetitive and unvarying behaviors without an apparent goal, hereafter "stereotypy," occur 47 experimental procedure, repetitive responding within an experiment is termed perseveration 92 (Garner et al., 2003) . Perseveration, as measured through resistance to extinction (a measure of 93 the continuation of responding after reinforcement is discontinued), was found to correlate with 94 presence or severity of stereotypic behavior in a study with bank voles (Garner & Mason, 2002) , 95 two species of tits (Garner et al., 2003) , Asiatic black bears (Vickery & Mason, 2003) , Malayan 96 sun bears (Vickery & Mason, 2005) , horses (Hemmings et al., 2007) , and rhesus macaques (Lutz 97 et al., 2004; Pomerantz et al., 2012) . Tanimura and colleagues (2008) found frequency of 98 stereotypy in mice was positively correlated with the number of errors in a reversal-learning task. 99
In other studies, perseveration was assessed through an analysis of change-over patterns in a 100 concurrent choice task with equal schedules of reinforcement on both choices (e.g. Campbell et 101 al., 2013; Dallaire et al., 2011; Gross et al., 2011; Garner et al., 2003) ; however, Gross and 102 colleagues (2011), unlike other studies reviewed here, did not find a correlation between 103 stereotypy and perseveration. Furthermore, a correlation between perseverative behavior and the 104 frequency of self-directed behavior or displacement activity (such as self-touching, scratching, 105 manipulating objects, etc.) was found in lion-tailed macaques, squirrel monkeys, and capuchin 106 monkeys (Judge et al., 2011) . 107
The aim of this study was to extend the large literature on the association between 108 behavioral persistence and stereotypy to the pet dog population. We set out to examine whether 109 resistance to extinction is a fundamental behavioral phenotype that distinguishes pet dogs that 110 exhibit stereotypy from those that do not. We predicted that dogs with stereotypy would show 111 higher resistance to extinction on an arbitrary novel task than dogs from a normal population. As 112 previous research has differentiated between topographies of canine stereotypies and indicated 113 PROTOPOPOVA, HALL, & WYNNE that certain breeds have different topographies (Mills & Luescher, 2006) , we also aimed to 114 explore these additional variables in our data set. 115
Materials and methods 116
Twenty-six dogs were recruited through advertisements online, social networking sites, local 117 veterinary clinics, and dog parks. All owners completed a questionnaire describing the dog's 118 form, frequency, and intensity of the stereotypy. After completion of the questionnaire, a 119 consultation was conducted (by AP and NH) to verify that the dogs exhibited the reported 120 stereotypy. Dogs in the control group were matched to dogs with stereotypies by breed. If 121 possible, dogs were further matched by other criteria in the following order: dogs were siblings, 122 shared the same household, similar age, and same sex. Table 1 Each dog was tested in its home by one experimenter, either the first author (AP), who was 129 not bind to the hypothesis of the study (n = 22) or the dog's owner, who was blind to the 130 hypothesis, if the dog was fearful towards AP (n = 4). All sessions were videotaped. Each dog 131 received one continuous session, which was divided into two phases: acquisition and extinction. 132
During the whole session, the experimenter stood still with her left hand down by her side with 133 the palm facing the dog, and her right hand behind her back. During the initial learning phase, 134 the dog was given a small piece of hot dog (~ 0.5 cm 3 ) every time it touched the experimenter's 135 palm with its nose. Upon a nose-touch, the experimenter withdrew the left hand and placed it 136 PROTOPOPOVA, HALL, & WYNNE behind her back and, with her right hand, reached into a container with food and delivered one 137 food item. If 1 min passed with no response during this phase, the experimenter re-presented the 138 left hand while calling the dog by name once. If three presentations of the hand with no response 139 passed, the experiment was concluded and the dog's data not included in the analysis (three dogs 140 were excluded this way: two dogs in the stereotypy and one in the control group). The initial 141 learning phase lasted until the dog received 40 treats. After the 40 th treat, the extinction phase 142 began. During this phase, no more treats were given to the dog for touching the hand. Upon a 143 nose-touch, the experimenter withdrew her left hand, placed it briefly behind her back, reached 144 into the container with her right hand, placed her right hand behind her back, and then re-145 presented her left hand. The extinction phase ended when 1 min passed without a response from 146 the dog. Behavioral persistence was quantified as the number of responses in the extinction 147 phase of the session. In order to investigate differences in time to learn the task or any 148 motivational differences between dogs, inter-response times in both the learning and extinction 149 phases were also calculated. Data was collected through an analysis of video recordings by a 150 coder blind to the hypothesis of the study. In order to assess inter-observer reliability, 9 out of 26 151 (35%) videos were coded by two independent observers. Agreement was scored when two 152 observers concurred on the occurrence of a nose-touch within 1 s of each other. The median 153 interobserver agreement was 98.5%, ranging from 74.4 to 100%. 154
The study was conducted with the approval of the University of Florida Institutional Animal 155
Care and Use Committee. 156 2.1.
Statistical analysis 157
The 10 different breeds of the subjects were combined into four breed types. .0.041), whereas no differences were found between terriers and herders (t = 0.36, df = 20, P > 187
.05), 188
There were no differences between the dogs with stereotypy and the control dogs in inter-189 response times in either acquisition (mean was 15.9 in the stereotypy group and 11.3 in the 190 control group; t = 1.45, df = 12, P > .05) or extinction (mean was 7.8 in the stereotypy group and Interestingly, greater resistance to extinction was a general finding across our entire sample 207 of stereotypic dogs. We found that breed type, along with the presence of stereotypy, had an 208 effect on resistance to extinction. Hounds and working breeds responded more in extinction than 209 did terriers or herders. Although some breeds are thought to be prone to stereotypy and even 210 specific topographies of stereotypy, resistance to extinction appeared to uniformly distinguish 211 between presence and absence of stereotypy across both breeds and type of stereotypy. 212
These results suggest that dogs with stereotypy behave similarly to other animals with 213 stereotypy. Dogs, just like bank voles, tits, Asiatic black bears, Malayan sun bears, horses, and 214 old world monkeys showed a correlation between higher behavioral persistence on an extinction 215 learning task and stereotypy (Garner et al., 2003; Garner & Mason, 2002; Vickery & Mason, 216 2003; Vickery & Mason, 2005; Hemmings et al., 2007; Lutz et al., 2004; Pomerantz et al., 2012) . 217
Behavioral persistence, or recurrent perseveration, has been linked to basal ganglia disruption in 218 people, rodents, and monkeys (Garner, 2006) and may thus suggest treatment with dopaminergic 219 agents (Rapoport et al., 1992) . 220
There were no differences between the dogs with stereotypy and the control dogs in inter-221 response times in either acquisition or extinction. Dogs with stereotypy took just as long to learn 222 the task. Furthermore, the speed of responding in extinction did not differ between the two 223 groups. This suggests that both groups of dogs were equally motivated to learn the task and that 224 time during learning could not have been responsible to the differences in resistance to 225 extinction. 226
